Abstract. We have determined an age T = 1.87 AE for Nakhla and an initial s7Sr/S%r, I --0.7028. A rather thorough Sr equilibration took place at this time between all the phases of this meteorite, but there is clear evidence of somewhat incomplete isotopic equilibrium during the 1.87 AE event, which is not consistent with the derivation of Nakhla from a magma at this time. Nakhla has a young model age of $.6-2.9 AE which requires that gross differentiation processes for its parent body occur between 8.6 and 1.87 AE, significantly later than 4.6 AE. The most reasonable model is that Nakhla formed as an igneous rock at '-' $ AE and was metamorphosed at 1.87 AE. Several similarities exist between the Nakhla parent planet and the Earth and indicate the existence of other objects with close terrestrial chemical affinities. Study of the meteorite fragments with the binocular microscope showed that a brown stain permeated many of the pale green pyroxene grains along cracks and cleavages. Clusters of white, fine grained, feathery plagioclase crystals, intergrown with an SiO2 polymorph, occasionally surrounded the pyroxene grains as rims and were present.in the junctions between pyroxene grains. Inspection of thin sections showed the brown stain to permeate many of the pyroxene and olivine grains on a fine scale. This brown stain proved to be a "glass" with extremely high K (up to 9%). Material interior to the fragments provided to us was chipped for analysis. Mineral separates were prepared using heavy liquids and a Frantz magnetic separator. Electron microprobe analyses were done on the mineral separates by A. Chodos. The compositions of the major phases are shown in Table 2 and are in good agreement with those obtained by Prior [1912]. While the pyroxenes were generally quite uniform, a pyroxene was also found which was Copyright ¸1974 by the American Geophysical Union richer in Fe and poorer in Mg, (19.4% FeO and 9.7% MgO). No Ni was detected in the olivine. The thin films of brown glass were difficult to analyze and gave poor sums but were typically K rich (2-9% K20). They appeared to be of variable composition and relatively rich in FeO. A typical analysis for one of these brownies is listed in Table 2 . We consider this type of material to be the devitrified glass of a late stage mesostasis. The high K glass was concentrated in the lower density fractions; however, the bulk of the 2.6 and 2.5 g/cm '3 mineral separates consisted of plagioclase with a tendency to be somewhat more sodic than the typical plagioclases. The glass was intimately intergrown in these plagioclase crystals in small brown blebs and coatings. Considerable care was necessary to remove alkali rich interstitial glass from the pyroxene separates. A high purity pyroxene separate was obtained by successive crushing and density separations followed by magnetic separation and hand picking.
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The analytical data for Rb and Sr and the K concentrations are given in Table 1 . The blank levels were 0.01 ng Rb, 0.1 ng Sr and 10 ng K, and have a negligible effect on the data. Most samples were first dissolved; a less than one percent aliquot of the total solution was spiked and the K, Rb and Sr concentrations were determined without chemical separation. The remaining solution was then spiked optimally. The glass separate from fragment A was spiked and then split into two aliquots which were processed independently; the results are in good agreement. The first total sample of fragment A was not spiked totally. The analyses of two independently spiked aliquots of the dissolved sample consisting of 8 and 50 percent of the total solution are in good agreement. The other total samples were totally spiked. Table 1 . The variability in the model age for the small single fragments analy«ed for the total meteorite is due to sampling bias due to variable amounts of the high K phase. The total meteorite model ages are distinctly lower than 4.6 AE and range from TBAm = $.58 AE to TBAm = 2.97 AE. These ages require that the meteorite have been produced by differentiation of some parent planetary body at times strictly less than $.58 AE and possibly less than 2.97 AE. Therefore, Nakhla may not be considered as a total melt of a 4.6 AE "relict." Insofar as the model age of Nakhla is uncertain due to possibly nonrepresentative sampling, the conclusions based on this model age are not strictly correct. However, it is unlikely that all our total samples are significantly biased towards the high K phase, and therefore, we shall assume for this work that the young model age of Nakhla reflects a late differentiation of its parent. The lowest model age for mineral phases in Nakhla is 1.78 AE and is obtained for a separate rich in high K glass. This is a strict upper limit to the time at which Nakhla was last disturbed, so that Nakhla must be a young meteorite.
All the data shown in fig. 1 define a good linear array with a slope corresponding to an age of 1.$4 AE. The initial s?Sr/S"Sr is quite high with regard to BABE and is equal to about 0.7025. KAr ages have been reported for Nakhla using the a9Ar-4øAr technique [Podosek, 1975] . The lower temperature (less than 900øC) Ar release fractions determine a good plate.au corresp9nding to an age of 1.$ AE. Following the petrographic description of the meteorite given above, it is most reasonable to attribute the lower temperature 4øAr-39Ar pattern to the high K glass and 'the sodic plagioclase. The higher temperature release fractions for Nakhla show a complex pattern dipping to apparent ages of 0.4 AE which is not understood, but may reflect peculiarities attributable to pyroxene [Huneke et al., 1972] . A sample of Lafayette [Podosek and Huneke 1975;  Podosek, 197:3] yields an age of 1.:3:3 _4-0.0:3 AE. These results enhance the possibility that the two Nakhlites (which may be only one meteorite) have had similar histories. The agreement of the Rb-Sr and K-At ages provides strong evidence that Nakhla was isotopically and chemically reequilibrated and degassed at ,',, 1.:34 AE.
Closer inspection of the data indicates that the meteorite is a more complex system since all the data do not fall precisely on a straight line on the Rb-Sr evolution diagram. In particular, the plagioclase separates from both A and B fragments lie distinctly off any line drawn through most other data. In lieu of a single precise isochron, we have drawn two reference lines in fig. 1 If we had obtained a perfect internal isochron, we would have erroneously interpreted this as resulting from an igneous event. The disequilibrium appears to require some sort of metamorphic process. The simplest model which we can propose is that the immediate parent of Nakhla was an older igneous rock with essentially the identical texture and character of the present rock and was formed some time after ,-, 8.4 AE. The bulk of the material consisted of the diopside and olivine crystals which were of cumulate origin. During the crystallization process which formed Nakhla, plagioclase crystallized out together with the late pyroxenes followed by the quenching of the last phase which was an inviscid alkali rich glass which penetrated the cleavage planes and imperfections of both the pyroxene and plagioclase crystals. Subsequent to this original igneous process, the meteorite was subject to dry, relatively low temperature, metamorphism at 1.87 AE without gross recrystallization of the pyroxenes, although some incipient melting may have taken place to cause the remobilization of the glass.
The . We also note that the rare earth element pattern of Nakhla [Schmitt and Smith, 1968] is identical to Hawaiian basalts and does not show a Eu anomaly. We conclude that marked analogies exist between the earth and the parent planet of Nakhla.
The low K-Ar age of Nakhla has been known for some time [Stauffer, 1962] . Ganapathy and Anders [1969] have interpreted this result as degassing due to a major impact on the parent body. Podosek [1978] in discussing the 4øAr-39Ar ages of Lafayette and Nakhla has pointed out that a major event occurred for both meteorites which resulted in complete or nearly complete degassing of Ar at 1.8 AE. This age is essentially the same as the total 4øAr-4øK age of 1.5(+0.1,-0.8) AE by Stauffer [ 1962] . Podosek [ 1978] explored two extreme models ranging from thermal degassing to the formation of these meteorites from a melt. The present data confirm the 4øAr-3ør age and prove that rather thorough Sr isotopic equilibration took place at 1.87AE which required an intense metamorphism, possibly accompanied by partial melting. In addition, the Rb-Sr data demonstrate that Nakhla was formed by a major planetary differentiation process (impact or internal magmatism) more than I AE after the original formation of the solar system. While low gas retention ages of many meteorites may be interpreted as the result of degassing during minor thermal events, distinctive Rb-Sr total rock model ages must represent extensive physical and chemical processes on parent planets at times different from ~ 4.6 AE.
Conclusions
1) The internal isochron age of 1.87AE for Nakhla represents an episode of metamorphic activity which may have been produced by either impact heating or by internal heat sources on the parent body.
2) Based on the total rock model age, the parent body of Nakhla was subject to physical and chemical differentiation more recently than 8.6 AE. Nakhla was not produced by closed system re-equilibration of a 4.6 AE source material.
8) The parent object of Nakhla could not have had the bulk chemical composition of eucrites, howardites or chondrites based on initial Sr and rare earth elements. The moon does not appear to be a possible parent body.
4) The parent body for Nakhla has some chemical characteristics which are similar to the earth (Rb/Sr, K/U, REE) and indicates that there may be other planetary objects in the solar system with close to terrestrial composition.
5) It may no longer be assumed that the major physical and chemical differentiation and equilibration processes manifested in meteorites took place only early in solar system history.
6) The evidence for subtle but definite element redistribution and the implied metamorphism of the objects in the relatively recent past must be seriously taken into account in discussing the origin of meteorites [cf. Gray et al., 1978] .
7) The young age of 1.87 AE is far from the time of the terminal lunar cataclysm and the evidence of this intense bombardment on a solar system scale is only indicated by Kodaikanal and possibly Kapoeta.
